Introduction
Matri.x isolation of high temperature molecules in inert matrices at low temperatures offers the possibility of simplification of molecular spectra by reduction of electronic, vibrational, and rotational excitation.
The method has been found useful in many laboratories for the study of .
..... 1 high temperature molecules. However matrix spe:ctrasuffer from unanticipated complexities in that even the strong features are often rather broad, considerably shifted from the gas phase positions, and
show splitting or· extra features that confuse the interpretation of the spectra. A study of atomic spectra in inert matrices was initiated 2 ,3
in the hope that the simpler atomic spectra would make it easier to c:haracterize the origin of the matrix spectral complexities.
Two general explanations of the extra features of matrix spectra have been offered. The firstl,4-10ascribes the extra eatures to interactions between the solute and the surrounding matrix molecules either as a result of multiple sites in the matrix or through removal of orbital degeneracy. 1 10 11 22 The second' , 'ascribes the extra features to interactions between pairs of solute species. Nearest-neighbor pair interactions can be usually excluded from considera.tion by considering only features which persist even to high dilutions; thus long range interactions between non-nearest-neighbor pairs :.1Ust be invoked.
We have devised a test of the assumption of long range interactions as the source of extra spectral features of solute atoms.
. First we isolated Cu, Ag, and Au atoms separately in Ar, Kr, Xe, andSF 6 .
If the principal spectral features depended to any appreciable extent upon long range interactions between solute pairs, the replacement of 
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some solute neig~bors by atoms of another metal should produce a change in the spectrum. The pairs Ag and Au and Cuand Au were codeposited in krypton. We found the principal spectral features to be indistinguishable within experimental error from the spectra obtained for each·of the atoms deposited separately, and solute-solute interactions can be excluded as a source of the major· features of the Kr matrix spectra of Cu, Ag,and Au.
Experimental
Atomic beams of Cu, Ag, and Au were generated from spectroscopic grade graphite Knudsen cells, heated either by resistance heating or electron bombardment. The graphite resistance furnace described earlier 2 ,3,12
was used for single element deposition or for vaporization of alloys of two ~lemen:tsJ'but it was more satisfactory to use a double Knudsen cell from which the two metals could be simultaneously and independently vapori"zedusing electron bombardment.
The double graphite cell was screwed onto the threaded end of a 6 mm diameter tantalum rod which was' fused to a short piece of nickel tubing and this in turn was hard-soldered to an electrically-insulated Kovar-porcelain feedthrough. Two tungsten heating filaments, 30 mm x 0.75 mm x 0.025 mm, were spot-welded to three tungsten support rods, I mm in diameter, which were first capped with tantalum foil.
Two of the three rods served as current leads while the third was ..
The filaments were operated at typically 7 v and 8 a. By radiation heating alone, the Knudsen cell reached a temperature of about 11000K.
A positive potential of 700 volts applied to the Knudsen cell with an electronic bombardment current of 150 rnA produced a temperau.lre of about 1350 0 K which could be maintained to within ten degrees without any special controls on the filament current. The Knudsen cells were heated to attain metal vapor pressures of 2 x 10-4 to 10-3 torr.
Typical temperatures for Ag, Cu, and Au were 1150, 1350, and 14000K, respectively. The concentrations in the matrices were calculated from the flow rate of matrix gas and the calculated flow of the atoms from the Knudsen cell assuming complete condensation upon the target.
The metal cryostat using liquid hydrogen as refrigerant, the spectroscopic equipment, and the operational procedures were described earlier 2 ,13,14. The background continuum for the ultraviolet was provided by a 150 watt xenon-mercury lamp operating at 8 amp. A 1 kilowatt hydrogen discharge lamp was also used, mainly in the study of gold below 250 nm.
A low pressure mercury "germicidal" lamp served as the reference source.
Slit widths were normally 60 IJlU with exposure times ranging from 1/10 second to 5 minutes. Kodak 10~ plates were used down to 245 and Kodak Shortwave Radiation (SWR) plates were used below 245 nm. Transmission spectra were taken through the matrix.and the sapphire target, but in a few experiments with silver the matrix film was deposited on highly polished aluminum and specular reflectance spectra were taken with an incident beam angle of 45°.
We obtained identical spectra by both methods.
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half-widths· of' only 75 cm , sharper than observed in any rare gas matrices. The spectrum in SF 6 . was also unique in that the 2p 3/2 -2 S1 / 2 transition. did not separate into two clear features as observed in the rare gas matrices for Cu, Ag, and Au. Figure 1 shows the spectrum of could also be a portion of the P --S transition~ Table II lists only three. features for 0.7 at % Ag in Kr as the fourth band reported earlier 3 appears Ol1ly at much higher silver concentrations than those used in this study.
In addition to the strong absorptions from the ground state to the 2 '. 2~ .
Pl/2 and P 3 / 2 states, one band observed at 325·7 nm for silver in Xe was unique in that it was reproducible at all concentrations of silver in contrast to weak bands of other systems that appear only at high concentrations. This band is clearly not due to an impurity. We have made somewhat tenuous assignment to the 2D3/2~2Sl/2 transition which is forbidden in the gas but which would be expected to be greatly strengthenEd Qr mixing of the 2p and 2D states due to interaction with the heavy xenon. Over the range of variation studied, the spectra were almost identicaL furnacevTaS 4 x 10 cal sec mm at the center of the sapphire plate or several orders of magnitude greater than the heat of condensation of the matrix and metal atoms at a deposition rate of 0.5 millimoles of gas per hour. We believe that all of our observed spectra correspond to fully annealed samples. This requires that there be enough mobility
during deposition to allow the silver atoms and the surrounding krypton atoms to attain the most stable configuration at a given lattice site.. Since we found no evidence for silver polymers nor any differences in the spectra of silver in krypton for concentrations from 0.025 to above I atomic percent, subsequent experiments were mostly restricted to the range from 0.2 to 0.5 atomic percent Ag.
Results-for Mixed Metal Deposition
We inadvertently admitted Hg vapor several times when Cu was deposited in As it might be argued that long range interactions would not be expected Table V do not correspond to those in Tables I and III . This might be taken to indicate that these weak features are due to mixed pol~ners of H&Cu and Au. However, additional experiments at higher metal concentrations without Hg contamination would be necessary for any clear identification.
These observations are conclusive evidence that the observation of three s+.rong bands in the matrix compared to two lines for the gas is not due to solute-solute interaction. If they were, the mixed atom interactions would surely be different than the like atom interactions and substantial shifts would have been observed. Let us examine the statistics of the silver-krypton system with 0.2 atomic percent silver.
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Under the conditions investigated, the atoms responsible for the main spectral features in the pure or mixed experiments are efficiently shielded from the effects of other trapped atoms by the atoms of rare gas, and the -18,..
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splitting of the gaseous doublet into a triplet, the broadening of the ,  -1 lines, and the, shifts from the gaseous positions of up to 3000 cm must be due to interactions between the metal atom and the surrounding rare gas atoms.
Results for Mixed Matrix Deposition
The previous experiments have demonstrated that the distinctive features of' the matrix spectra are due to interactions behleen the solute atom and the surrounding matrix atoms; we examined the effect of changing the asYmmetry of the matrix environment by trapping gold atoms at 20~K in various mixtures of krypton and sulfur hexafluroide.
Krypton and sulfur hexafluoride gases were mixed and equilibrated· for at least eighteen hours to insure uniformity. Gold temperatures of 1350-1375°K were used and concentrations were varied between 0.14 to 0.25 atomic percent. Figure 3 shows the spectra and Table VI lists measurements for band peaks.
2
The long wavelength peak ( P l / 2 '" Sl/2) has almost exactly the same position in pure Kr or pure SF 6 , but as the proportion of Kr in SF 
Summary
The experiments with mixed metal matrices containing Cu, Ag, Au, and Hgin Kr demonstrate 'that the shifts from the gaseous spectral line positions, the splitting of the gaseous doublets into triplets, and the increased line widths cannot be attributed to solute-solute interaction and must be due to interaction between the metallic atoms and the krypton atoms.
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The half-width variation from 50 cm for Cu to 250 cm for Ag and 100 cml for Au in Kr might be attributp.d to different conditions of preparation of each matrix such as the effect of different intensities of radiation from the furnaces. However, the persistence of these line-",idth differences when pairs of metals were deposited together demonstrates that there are real differences in the interaction with the krypton.
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It is possible that the variation is due to the smaller atoms occupying a greater variety of lattice sites, e.g. substitutiohal and interstitial sites as well as different coordination numbers for e~chtype of site.
If this is so, the distribution of sites occupied by Cu, Ag, and Au atoms is. not changed by warming the matrix to as high as 50 0 K as the substantial spectral changes with temperature were reversible upon cooling.
The splitting of the 2P3/2 level in the rare gas matrices has been ascribed to removal of degeneracy by an asymmetric environracnt. 5, 6
The mixed Kr-SF 6 matrix results could be interpreted in terms of an 
